1. Introduction {#sec1}
===============

Type 2 diabetes mellitus (T2DM) is a major public health problem. Insulin resistance and impairment of pancreatic insulin secretion are the main pathogenesis of T2DM. Treatment of T2DM and its complications is usually complicated and costly. Herbal medicines have long been used as an alternative treatment for type 2 diabetes.*Moringa oleifera*(MO) drumstick tree is a traditional herb widely used for a long time. In Thailand, we use MO seed as an important ingredient in Thai-traditional food. In Western Asia, most parts of the plant are well known for their pharmacological actions and have been used as antihypertensive drugs, thyroid hormone regulator, laxatives, and antibiotics \[[@B1]--[@B3]\]. Several studies \[[@B4]--[@B6]\] in nondiabetic and diabetic rat model have shown that MO leaf could decrease plasma and urine glucose and improve glucose tolerance test. These hypoglycemic effects were postulated to be associated with decrease intestinal glucose uptake and slowing gastric emptying time by fiber in MO leaf. Our previous study \[[@B7]\] conducted in 10 healthy volunteer demonstrated that a single dose of 4 grams of MO leaf powder capsules significantly increased insulin secretion in healthy subjects without any adverse effects on liver and kidney function. Despite several evidence of benefit of*Moringa oleifera* on plasma glucose in anima model and healthy subjects, the data in type 2 diabetes are still lacking. There are a few studies \[[@B8], [@B9]\] which evaluated an efficacy and safety of*Moringa oleifera* in type 2 diabetes patients; however those studies are not randomized; therefore, this study was conducted to determine whether the use of the MO leaf capsules would improve glucose control in patients with therapy-naïve type 2 diabetes mellitus (T2DM) in a randomized placebo controlled study and to evaluate its safety.

2. Materials and Methods {#sec2}
========================

This study was a prospective randomized placebo controlled study conducted from July 2012 to February 2013 at Siriraj Hospital, Faculty of Medicine Siriraj Hospital, Mahidol University, Thailand. Siriraj Institutional Review Board approved the study and all subjects gave written consent.

2.1. Participants {#sec2.1}
-----------------

Participants were eligible to enroll in the study if they were therapy-naïve type 2 diabetes with the duration of diabetes of less than 5 years, age between 20 and 70 years, hemoglobin A1C (HbA1C) of less than 9%, and fasting plasma glucose of less than 200 mg/dl. Exclusion criteria were type 1 or others types of diabetes, use of glycemic lowering agents within 2 months before the enrollment, a creatinine clearance of less than 60 ml/min./1.73 m^2^, an elevation of alanine aminotransferase or aspartate aminotransferase level of more than 2 times of the upper limit of the normal range, and history of heart disease or other serious illness and pregnancy.

2.2. Calculation of Sample Size {#sec2.2}
-------------------------------

The sample size was calculated by $$\begin{matrix}
{n\,\, per\,\, group = \frac{2\left\{ {\left\{ {Z_{\alpha/2} + Z_{\beta}} \right\} SD} \right\}^{2}}{d^{2}}.} \\
\end{matrix}$$

Definition is as follows:  *α* = type I error (2-sided test) = 0.05; *Z*~0.025~ = 1.96.  1 − *β* = Power = 0.80; *Z*~0.2~ = 0.84.  SD = SD of HbA~1c~ = 0.95 (reference value of our institute).  *d* = the clinical significance of Hb~A1c~ between each group was 1 *n* and therefore per group was 16 persons.

The follow-up period of this study was 1 month with the expected dropout being 10%; therefore, the number of participants in each group should be 18 persons.

2.3. Study Procedure {#sec2.3}
--------------------

The study consisted of a screening period (1-2 weeks) and a randomized treatment period (4 weeks). At the screening period, all participants came to the diabetes unit for history taking, physical examination including body weight and blood pressure and laboratory testing including FPG, HbA1C, creatinine, and liver function test. They also received behavioral counseling regarding diabetes care and learned how to do the 9-point plasma glucose (PG) monitoring, using ACCU-CHECK Advantage meter system (Roche Thailand). The 9-point plasma glucose (PG) profile was obtained in each participant during the study period as shown in [Figure 1](#fig1){ref-type="fig"}. The 9-point PG profile included PG measurement in the morning of day 1, PG measurement before each meal (premeal PG), 2 hours after each meal (postmeal PG) and at bedtime of day 2, and PG measurement before breakfast of day 3. If the participants did not meet the exclusion criteria, they were randomized, using table of random numbers assigned in a 1 : 1 ratio, to receive either*Moringa oleifera* leaf capsule or matched placebo. During 4-week treatment period, all participants randomly received either 8 capsules (4 grams) of MO leaf capsule or matched placebo, before breakfast and dinner. The dosage of MO leaf used in this study was based on our previous study that demonstrated the effect of MO leaf capsule on insulin secretion in healthy subjects \[[@B7]\]. At the end of 4-week study, all the participants were asked to come back to diabetes unit for history taking, physical examination, and blood drawing for measurement of FPG, HbA1C, creatinine, and liver function test.

2.4. Definitions {#sec2.4}
----------------

Plasma glucose data obtained from 9 point PG profile were used to calculate mean daily PG, mean premeal PG, and mean postmeal PG.*Mean daily PG* was defined as the average of 9 point PG in each visit.*Mean premeal PG*was calculated using PG of day 1, premeal PG from each meal of day 2, and PG of day 3.*Mean postmeal PG* was using postmeal PG from each meal of day 2.

Hypoglycemia was diagnosed by either PG measurement of less than 70 mg/dl or patient experienced episodes of low blood sugar with or without PG confirmed.

2.5. Study Drugs {#sec2.5}
----------------

### 2.5.1. *Moringa oleifera* Leaf Capsules {#sec2.5.1}

A single batch of*Moringa oleifera* leaf powder capsules was manufactured at the Herbal Medicine and Products Manufacturing unit, Center of Applied Thai Traditional Medicine, Faculty of Medicine Siriraj Hospital, Mahidol University (Bangkok, Thailand), according to good manufacturing practice guidelines. The dried leaves of*Moringa oleifera* were separated from foreign matters, cleaned, and oven-dried. Then they were ground and sifted to be powder. The powder was filled into capsule shells, and each capsule contains 500 mg of dried leaf powder of*Moringa oleifera*.

### 2.5.2. Placebo Capsules {#sec2.5.2}

Placebo capsules were also manufactured at the Herbal Medicine and Products Manufacturing. Each placebo capsules had size and color identical to*Moringa oleifera* leaf capsules and consisted of plain powder, magnesium stearate, and talcum.

3. Statistical Analyses {#sec3}
=======================

The SPSS version 18.0 was used for all analyses. All continuous variables were expressed as mean ± SD or median (min, max) as appropriated. The categorical variables were shown as frequency and percentage. The independent*t*-test was used for the continuous variables and Chi-square and Fisher test were used for the categorical variables. The differences of glucose parameter between the two treatment arms and the change between baseline and endpoint were determined using the repeated measured ANOVA. Due to small sample size, *P* for trend was used to analyze the linear trend of one-way ANOVA. For all analyses, *P* \< 0.05 was considered to be statistically significant.

4. Results {#sec4}
==========

4.1. Subject Characteristic {#sec4.1}
---------------------------

A total of 32 therapy-naïve type 2 diabetes patients were enrolled in the study. All participants completed the study with the compliance of the study drugs greater than 80%. The 9 point PG profiles were completed with the missing data only 2%. [Table 1](#tab1){ref-type="table"} summarized the subject\'s clinical and laboratory characteristics. There were no differences in age, sex, the duration of T2DM, BW, BMI, FPG, and HbA1C between two groups.

4.2. Effect of MO Leaf Capsule in Therapy-Naïve T2DM {#sec4.2}
----------------------------------------------------

At the end of study, there was a nonsignificant decrease in body weight by 1 kg in both groups. Interestingly, despite no change in antihypertensive agents, MO leaf group had a reduction of SBP and DBP by 5 mmHg as compared to baseline, whereas placebo group had an increase in blood pressure by 2 mmHg as compared to baseline; however these differences had no statistical significance ([Table 2](#tab2){ref-type="table"}).

There was no significant difference of FPG and HbA1C between MO leaf and placebo group. Four weeks of treatment caused 0.2--0.3% reduction of HbA1C as compared to baseline in both treatment arms ([Table 2](#tab2){ref-type="table"}) but these changes did not reach statistical significance. The mean daily PG, mean premeal, and mean postmeal PG in MO leaf group were not different from those in placebo group ([Figure 2](#fig2){ref-type="fig"}).

4.3. Safety of MO Leaf Capsule in Therapy-Naïve T2DM {#sec4.3}
----------------------------------------------------

There was no incidence of hypoglycemia in both treatment groups. Four of 16 patients (25%) in MO group reported transient diarrhea, which is spontaneously resolved within a few days. There were no differences in BUN, Cr, AST, and ALT between baseline and the end of study in both groups. These data demonstrated that there were no adverse effects after high dose of MO leaf powder.

5. Discussion {#sec5}
=============

This study is the first randomized placebo controlled clinical study that compared the effect of*Moringa oleifera* leaf capsules and placebo in therapy-naïve type 2 diabetes patients. In this study, we found tend toward a decrement in hemoglobin A1C in both MO leaf and placebo group, but these changes did not reach statistical significance. There was no difference in fasting, premeal, and postmeal plasma glucose between two treatment arms. There was no adverse effect of the use of MO leaf. Interestingly, we found a decrease in systolic and diastolic blood pressure in MO leaf group; however the change did not reach statistical significance.

Previous studies using*Moringa oleifera* leaf demonstrated the glucose lowering effect of MO leaf in animal and human studies \[[@B8], [@B9]\]; however this study did not demonstrated the similar effect. Our previous study \[[@B7]\] in healthy volunteer has shown that a single dose of 4 grams of MO leaf powder capsules significantly increased insulin secretion by 74%; therefore the lack of effect on plasma glucose in this study should not be explained by an inappropriate dosage.

The discrepancy between this study and others might be explained by several reasons. First of all, it is because a short period of this study; therefore it was too early to demonstrate the change in HbA1C that need at least 8--12 weeks. However, we did not observe any change in fasting, premeal, or postmeal plasma glucose, which could change earlier, as had been demonstrated in previous 2-week study \[[@B9]\]. Second, the hypoglycemic effects of MO leaf have been postulated to be associated with decreased intestinal glucose uptake and slowing gastric emptying time by fiber in MO leaf, which contained fiber 12% (w/w) \[[@B10]\] and had an effect on postprandial plasma glucose by three important bioactive phytochemicals including quercetin, chlorogenic acid, and moringinine \[[@B11], [@B12]\]. Quercetin, a potent antioxidant, showed antidiabetic effects in Zucker rat, the insulin resistance model \[[@B13]\]. Chlorogenic acid has been shown to inhibit glucose-6-phosphate translocase in rat liver which resulted in a reduction of hepatic gluconeogenesis and glycogenolysis \[[@B14], [@B15]\]. In human study, chlorogenic acid showed a decrease in glycemic response during oral glucose tolerance test \[[@B16]\]. Moringinine demonstrated an improvement of glucose tolerance in rat model \[[@B17]\]. We used the raw material in this study which might contained only a small amount of these bioactive phytochemicals that could explain why we could not demonstrated the effect on postmeal glucose. Lastly, the improvement of plasma glucose in placebo group might be an effect of self-monitoring of blood glucose (SMBG), so we could not demonstrate the difference between two treatment arms. Data from Cochrane review in 2012 \[[@B18]\] showed that a short-term follow-up, up to six months in newly diagnosed type 2 diabetes who had SMBG, had a statistically significant decrease of HbA1C by 0.3% (95% CI −0.4 to −0.1) as compared with the control group. On the other hand, in a long-term study, over a 12-month follow-up period, this effect was diminished, which resulted in a decrement of HbA1C by 0.1% in SMBG groups as compared to control. The effect of SMBG on glycemic control could be explained by its feedback on patient behavior to empower the patient to gain control over their disease and to motivate the lifestyle changes \[[@B19], [@B20]\]. Therefore, longer study period should be done to eliminate an effect of SMBG on glycemic control, and thus we could distinguish the effect of MO leaf as compared to placebo.

The second aim of this study was to evaluate the safety of*Moringa oleifera* leaf. It has been shown in animal studies that the high dose of MO leaf resulted in transaminitis, followed by weight gain \[[@B21]\]. However, we found no adverse effects on liver and kidney function in our subjects. Twenty-five percent of patients who took MO leaf powder reported short duration of diarrhea with resolved spontaneously. Previous human studies of MO leaf also reported no adverse event similar to this study \[[@B8], [@B22], [@B23]\].

We also found a trend toward blood pressure reduction after MO leaf ingestion. Recent meta-analysis found that every 5 mmHg reduction of systolic blood pressure resulted in significant reduction of cardiovascular disease and all-cause mortality \[[@B24]\]; therefore this blood pressure lowering effect would have clinical benefits in diabetes patients. The antihypertensive effect of MO leaves had been shown in previous review \[[@B2]\]. Recent animal studies \[[@B25]\] have shown that MO leaf exerts antihypertensive effects by inhibiting the secretion of IL-2 and modulates T-cell calcium signaling in hypertensive rats. Therefore, further study of blood pressure lowering effect of*Moringa oleifera*is needed.

The limitation of this study was a short duration of the study so the larger and longer duration of study are needed before we can draw a conclusion about the effect of MO leaf on plasma glucose.

In conclusion,*Moringa oleifera* leaf had no effect on glycemic control in T2DM in this short-term study; however, we could demonstrate that the use of MO did not have any adverse effects. Interestingly, this study demonstrated that MO leaf had a tendency on blood pressure reduction in T2DM patients; this result needs further investigation.
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###### 

Baseline clinical and laboratory characteristics of MO leaf and placebo group.

  -------------------------------------------------------------------
                                MO leaf\     Placebo\     *P* value
                                (*n* = 16)   (*n* = 16)   
  ----------------------------- ------------ ------------ -----------
  Male sex                      7 (44%)      10 (56%)     0.48

  Age (years)                   52 ± 11      57 ± 7       0.07

  Body weight (kg)              73 ± 12      70 ± 12      0.91

  BMI (kg/m^2^)                 28.1 ± 4.6   27.1 ± 3.2   0.14

  Duration of DM (months)       18 (1--48)   18 (2--60)   0.72

  Family history of DM          14 (88%)     12 (75%)     0.65

  Hypertension                  7 (44%)      10 (63%)     0.29

  Antihypertensive agents (%)   7 (22%)      9 (28%)      1.00

  Dyslipidemia                  9 (56%)      13 (81%)     0.13

  Lipid lowering agents (%)     5 (16%)      11 (34%)     0.28

  FPG (mg/dl)                   138 ± 35     132 ± 28     0.14

  HbA1C (%)                     7.1 ± 0.9    6.9 ± 0.7    0.39
  -------------------------------------------------------------------

MO leaf, *Moringa oleifera* leaf; BMI, body mass index; DM, diabetes mellitus; FPG, fasting plasma glucose; HbA1C, hemoglobin A1C.

###### 

Clinical and glucose parameter in MO leaf and placebo group.

                        MO leaf       Placebo       *P* value^A^   *P* value^B^
  --------------------- ------------- ------------- -------------- --------------
  Body weight (kg)                                                  
   (i) Baseline         73 ± 12       70 ± 12       0.49            
   (ii) 2nd week        73 ± 12       70 ± 12       0.51            
   (iii) End of study   72 ± 12       69 ± 12       0.52           0.12
  SBP (mmHg)                                                        
   (i) Baseline         133 ± 16      128 ± 14      0.36            
   (ii) 2nd week        133 ± 13      126 ± 15      0.14            
   (iii) End of study   128 ± 13      130 ± 17      0.68           0.25
  DBP (mmHg)                                                        
   (i) Baseline         85 ± 11       76 ± 9        0.03            
   (ii) 2nd week        82 ± 8        76 ± 9        0.11            
   (iii) End of study   79 ± 8        79 ± 12       0.94           0.17
  FPG (mg/dl)                                                       
   (i) Baseline         138 ± 36      132 ± 28      0.14            
   (ii) 2nd week        130 ± 30      129 ± 25      0.33            
   (iii) End of study   136 ± 34      126 ± 29      0.44           1.00
  HbA1C (%)                                                         
   (i) Baseline         7.14 ± 0.97   7.15 ± 1.01   0.49            
   (ii) End of study    6.93 ± 0.73   6.87 ± 0.72   0.37           0.82

MO leaf, *Moringa oleifera* leaf; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbA1C, hemoglobin A1C; PG, plasma glucose; ^A^*P* value compare between MO leaf and placebo; ^B^*P* value compare between baseline and end of study.
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